Exposure scenarios (ES) under REACH (Registration, Evaluation, and Authorisation of Chemicals; new EU legislation) aim to describe safe conditions of product and substance use. Both operational conditions and risk management measures (RMMs) are part of the ES. For consumer use of chemicals, one of the challenges will be to identify all of the consumer uses of a given chemical and then quantify the exposure derived from each of them. Product use categories can be established to identify in a systematic fashion how products are used. These product categories comprise products that are used similarly (e.g. paints, adhesives). They deliver information about product use characteristics, and provide an easy-to-handle tool for exchanging standardised information. For practical reasons, broad ES will have to be developed, which cover a wide range of products and use. The challenge will be to define them broadly, but not in a way that they provide such an overestimation of exposure that a next iteration or a more complex model is always needed. Tiered and targeted approaches for estimation of exposure at the right level of detail may offer the best solution. RMMs relevant for consumers include those inherent to product design (controllable) and those that are communicated to consumers as directions for use (non-controllable). Quantification of the effect of non-controllable RMMs on consumer exposure can prove to be difficult. REACH requires aggregation of exposure from all relevant identified sources. Development of appropriate methodology for realistic aggregation of exposure will be no small challenge and will likely require probabilistic approaches and comprehensive databases on populations' habits, practices and behaviours. REACH regulation aims at controlling the use of chemicals so that exposure to every chemical can be demonstrated to be safe for consumers, workers, and the environment when considered separately, but also when considered in an integrated way. This integration will be another substantial challenge for the future.
Introduction
Modern life entails everyday use of a great variety of products that contain chemicals, from detergents to cosmetics, from clothing fabrics to baby diapers, and so on. Assessment and proper management of any human health risks posed by the presence of chemicals in consumer products is an essential element to ensure safe use of such products.
Human health risk assessment of chemicals is classically described as a process consisting of several steps: hazard identification (including dose response), exposure assessment, and risk characterisation (essentially, comparison of exposure to no-effect hazard levels and analysis of the adequacy of the assumptions and data). This paper discusses the concept of ES, specifically those pertaining to consumer usage, as a key element in the exposure assessment of chemicals. First, it explains very briefly the differences between the traditional concept of ES and the one under the new EU legislation REACH (Registration, Evaluation, and Authorisation of Chemicals). Then, it offers some thoughts on the development of consumer ES under REACH and its challenges.
Consumer ES: Traditional Concept
Determination of consumer exposure by actual measurement of chemical levels is not feasible in most cases. Consumer exposure is therefore primarily estimated by the use of models that are meant to reflect the relevant ES(s) (WHO/IPCS, 2005) . Description of the relevant consumer ES is one of the basic elements in the process to evaluate consumer exposure. Other elements include, e.g. development of mathematical models that reflect the scenarios, assignment of values to the models' parameters, understanding of the physicochemical properties of the substance and the products in question, and so on. These elements are frequently referred to as ''determinants of exposure''. The definition that the WHO/ IPCS (World Health Organisation/International Programme on Chemical Safety) gives of the concept of ES reflects very well the traditional concept of the term. According to the IPCS (WHO/IPCS, 2004) an ES is defined as: ''A combination of facts, assumptions, and inferences that define a discrete situation where potential exposures may occur. These may include the source, the exposed population, the time frame of exposure, microenvironment(s), and activities. Scenarios are often created to aid exposure assessors in estimating exposure. '' In this context, consumer ES can be understood as descriptions of the circumstances and conditions that lead to consumer exposure to a substance(s). They must take into account the types of products where the substance is present, the usage characteristics of the products and, based on these, the likely relevant exposure routes.
Consumer ES Under REACH
In the new European Chemicals Regulation, REACH, (Commission of the European Communities, 2006) the idea of description and documentation of safe use is a primary concern. Therefore, under REACH, the concept of ES not only refers to a description of the conditions and circumstances of exposure, but also requires the information on how the substance or product can be used in a safe way. The definition of exposure under REACH therefore considers also measures leading to safe use (risk management measures) and goes well beyond exposure assessment and into risk assessment (requires hazard identification and risk characterisation). The definition of an ES under REACH is as follows: (Commission of the European Communities, 2006):
''The set of conditions, including operational conditions and risk management measures, that describe how the substance is manufactured or used during its life cycle and how the manufacturer or importer controls, or recommends, downstream users to control exposures of humans and the environment. These exposure scenarios may cover one specific process or use or several processes or uses, as appropriate.'' What is the major difference from the ''traditional'' approach to the one stipulated by REACH?
As stated in the definition, the ES under REACH aim to describe safe conditions of product and substance use. The ES definition given above clearly indicates that two major issues must be considered. Firstly, the ES is characterised (as has been the case before the introduction of REACH) by consideration of determinants of exposure. Secondly special focus is put on the so-called ''risk management measures''. For many situations, particularly not only in the workers context but also in consumer usage, RMMs can be identified that will prevent exposure completely to substances in products. In these cases, a further characterisation of use is not needed. More often, RMMs can reduce, but not eliminate, exposure to chemicals and products and need to be taken into account when estimating quantitative levels of exposure. In other words, RMMs must be considered in the consumer ES as determinants. Even though this is and has been the current practice when assessing consumer exposure to chemicals, explicit identification, recognition, and documentation of such measures as RMMs has not been common, and they have been considered as essential characteristics of product design meant to minimise exposure.
Requirements for Substances, Preparations and Articles
Substances and Preparations Any manufacturer or importer of a substance, either on its own or in one or more preparation(s) in quantities of 1 tonne or more per year (tpa, tonne/annum) has to submit a registration to the Agency.
Registration documents the performance of this duty and requires manufacturers and importers to submit a technical dossier, for substances in quantities of 1 tpa or more, and a chemical safety report (CSR), for substances in quantities of 10 tpa or more.
The technical dossier contains information on the properties, uses, and the classification of a substance as well as guidance on safe use.
The chemical safety report documents the hazards and classification of a substance and the assessment as to whether the substance is PBT (persistent, bioaccumulative and toxic) or vPvB (very persistent and very bioaccumulative). The CSR also describes the chemical safety assessment.
Articles For the registration of substances in articles (e.g. manufactured goods such as cars, textiles, and electronic chips), a special regime applies.
In the current REACH text, article 6 requires producers/ importers of articles to either register any substance present in their articles in total 41 tonne per producer or importer per year, if the substance is intended to be released during normal and foreseeable conditions of use notify substances of very high concern (SVHC) that are on the candidate for Annex XIV if present in their articles in concentrations 40.1%, in total 41 tpa, if exposure cannot be excluded
In the present paper (a selection of) challenges in the development of consumer ES will be highlighted, and if possible, solutions will be proposed.
Development of Consumer ES
In the REACH implementation project (RIP) on ES (RIP 3.2, WP 1 report) (European Chemicals Bureau, 2005a, b) , a number of steps are reported that can be discerned when an ES has to be build:
1. Identification of uses and use processes 2. Description of manufacturing or use process 3. Development of a ''tentative'' ES 4. Assessment of exposure and risks 5. Defining the ''final'' ES For each of these steps, specific issues related to the development of consumer ES will be discussed 1. Identification of uses: According to REACH, ESs shall be developed for the substance on its own or in a preparation. The identified use is the use(s) of the substance identified by the importer or manufacturer or by their customers. With regard to consumer exposure, information on uses down the chemical supply chain may be more sparse compared to, e.g. industrial uses of chemicals, especially since consumer use is ''beyond down stream use''. REACH requires that ES shall be developed for identified uses, and provides any downstream user with the possibility to make a use known to his supplier with the purpose of making his use an ''identified use'' for which an ES shall be developed to the extent that the supplier accepts and supports this use.
Most often it will be beneficial for the manufacturer or importer to be proactive in seeking information on the uses of his chemical. This would allow him to develop the CSA covering all identified uses (including workers and consumers exposure) by means of adequate exposure assessments so that he needs to prepare and submit only one registration dossier.
The information required should be adequate and sufficient for developing the ES, that is, it should include general information on the use that allows an eventual grouping of information from various down-stream users, specific information on the use processes including relevant determinants and information on the RMMs already in place and their possible efficiency, if available. What actual specific information is needed depends on the type of use. The first, most basic information needed is identification of the general type or category of consumer product where the chemical is present. In other words, information on whether the chemical is used, for example, in a household cleaning product, in a cosmetic, in a paint, in an adhesive, or in articles like toys, textiles, furniture, and so on. Agreement and harmonisation of the list of actual product categories to be used is one of the challenges associated to the development of consumer ES (this is discussed later in this paper).
A stepwise strategy for identifying uses of chemicals and more specific details of use processes may be followed:
Use in-house information to define identified uses Use publicly available information, like websites, information from branch organisations, and so on Communicate with downstream users Publicly available product databases (e.g. Heinemeyer and Hahn, 2005) One of the challenges concerning the identification of uses is that the consumers are not part of the communication chain, and therefore manufacturers may have difficulties in defining the variation in use patterns.
2. Description of use process: Consumer uses of substances (mainly as ingredients of preparations and articles) are largely similar for comparable types of products and may, for some types of products, be similar to professional use, although the frequency of use may be different, and mostly lower. Types of products include, for example, cleaning agents, paints, glues, and so on. Some information may exist in publicly available surveys on consumer use of various types of chemicals (e.g. the yearly use of various types of consumer products), including the duration of each use and the frequency of use (how often, how much), which may form the basis for setting up basic assumptions for development of ESs.
For many chemicals, it may be assumed that consumers are using the same substance (or similar substances with similar properties) with more or less the same frequency. On the other hand, circumstances under which consumers use products may also some times lead to potentially higher exposure levels than under professional conditions (e.g. smaller room volumes, less ventilation, and so on).
3. Development of a ''tentative'' ES: The ES should contain the main determinants of exposure and can be used to explore if the available data will be sufficient to make conclusions on adequate control of risks or whether further detailing is necessary. This is called a ''tentative'' ES. It can be very broad or more specific, depending on the data available. When a risk cannot be excluded, the tentative ES has to be refined (needs to be iterated).
An ES can be understood like a house, consisting of two major elements, characterised by the exposure determinants, that is, operational conditions, and the RMMs. It should be mentioned that RMMs are also representing determinants, but due to the understanding of the law, a discrimination should be made. Figure 1 shows the operational conditions and the RMMs, together representing the exposure determinants.
For the characterisation of the ES a certain number of determinants given in the above figure are needed. Operational conditions may be combined with RMMs. For example, the use instructions (RMM) can instruct the user to increase the ventilation rate by e.g. opening the windows and the doors. Also, packaging, control of form of the product, and limitation of content are limiting the amount of substance in the use process. The ES should describe these interactions and characterise it in the model, where needed. Basically, all RMMs are used to change one or more of the operational conditions to reduce the exposure.
As a first step of the assessment, the RMMs may be checked for their efficiency (see Figure 2) . If, for example, the product design prevents any release of the substance, then a further assessment is not needed. In case that no RMMs are considered or that they are not reducing the exposure Consumer exposure scenarios Engelen et al.
completely, a tentative ES must be characterised, following a tiered approach. As a first step, a generic scenario, as described below, may be used. If the risk characterisation does not reveal concern, then the ES can be defined as the final. If there is concern, i.e., the exposure exceeds the derived-no-effect Level (DNEL), then the ES must be refined, a step that can be repeated several times, by refining exposure data and/or exposure model, or by introducing more RMMs to the scenario. In these cases the scenario remains tentative, unless the risk characterisation reveals ''no concern''. Then the final scenario can be defined to be communicated with other parties, e.g. the Chemical Agency.
RMMs
At first instance, incorporation of RMMs looks a difficult task, since consumers consist of a very diverse group of the population and, in contrast to workers, they are not trained to use their products, neither do they work under specified conditions (such as using personal protective equipment, or underhoods). It is also well known that consumers do not always use products in the way for which they are designed.
However, a number of measures are already taken in the development process of consumer products that are specifically intended to reduce or eliminate exposure to chemical components, and are an integral part of the overall product design. These (controllable) measures, such as product form (tablets instead of powder, liquid instead of spray), pH, viscosity, concentration of chemical, package size, childresistant closures, and so on, must be taken into account when preparing an ES. The quantification of the impact of non-controllable RMMs (like ventilation rate, directions of use and safety warnings on labels, and so on) on reduction of exposure is difficult and will be more debatable.
4. Assessment of exposure and risks: In the exposure estimation, generic exposure models are applied covering a wide range of applications. The exposure estimation aims at ''reasonable worst-case'' results by applying Tier 1 models: conservative, but not unrealistic, standard exposure models or equations and, where possible, mean, median or typical parameter values. For consumer exposure, various exposure models and other exposure tools are available (e.g. ECETOC-TRA, TGD (EU-Technical Guidance Document) models, ConsExpo).
5. Defining the ''final'' ES: Iterations of the ''tentative'' ES or definition of more specific ES will finally result in a 'safe' ES that will be documented in the CSR.
The ''final'' ES is valid only for the substance and the process that have been assessed. However, it might also be applicable for other substances with similar or less severe properties, if they are used in the same way as described in the ''final'' ES, provided the substance properties do not change the process conditions or the efficiency of RMMs significantly.
When an ES is developed for a preparation, the final ES will of course pertain to all substances in the preparation. This means that even though some substances in the preparation could be used without RMMs, the RMMs required for the substance of highest risk would be decisive.
Challenges and solutionsy

Consumer Exposure Information
One of the intended benefits of REACH is that there will be information exchange across the supply chain, and therefore actors within the supply chain will be aware of the uses of their substance.
There is a lot of information available on the use patterns of preparations and articles. However, this information is often scattered and not always publicly available. Information can be found, for example, via trade organisations or via published databases. An interesting source of information is the EISChemRisks toolbox developed by the EU-JRC in Ispra (http://www.jrc.cec.eu.int/eis-chemrisks). Some industry trade associations representing specific product sectors publish websites that are fully open to the public and contain a wealth of information on composition, habits and practices, and exposure factors associated with their products (see, e.g., www.heraproject.com). Also, other ways to communicate with consumers may have to be developed. These may involve, for example, interactive websites where the consumer could provide instant feedback or information to the appropriate parties (industry, consumer associations, authority, and so on), set up of toll-free number services, information workshops, and so on Partnerships among the 
Description of Use Process
Product use categories can be used to identify how products are used. They can also comprise products that are used similarly (e.g. paints, adhesives) and deliver information about their use characteristics and provide an easy-to-handle tool for exchanging standardised information. The information needed to define product use categories is mostly available in-house. This means that some important data needed for exposure assessments (e.g. frequencies, durations, amounts) can be derived from the use description and may also be communicated to the supply chain. Product use categories may be defined in a broader manner or in detail.
Product use categories should differentiate between finished articles (textiles, electronics, furniture, building material, cars, and so on) and finished preparations (paints, adhesives, and so on) since the mobility of substances in articles is usually lower compared to substances in preparations. Although skin contact (textiles) and long-term exposure to in-house dust (plastic and textile additives) may be very relevant as well.
Making this separation also allows industrial product use categories (e.g. textile dyes and finishing chemicals, paper chemicals, printing inks, adhesives, plastic compounds) to be introduced and to be linked to the corresponding product use categories in the consumer sector.
Development of a ''tentative'' ES
Broad vs. specific scenarios For practical reasons, broad ES have to be developed that cover a wide range of products and use. The challenge will be to define them broadly, but not in a way that they provide such an overestimation of exposure that a next iteration or a more complex model is always needed. In case broad categories are defined, an adequate justification of the underlying default parameters is needed.
In this context, an interesting, valuable concept is that of the so-called ''sentinels of exposure'' or ''sentinel products''. The concept involves identification of a specific product (sentinel product) within a broad category (e.g. liquid laundry detergents within the broad category of household cleaning products) whose usage leads to the highest level of exposure relative to all other products within the category. Therefore, establishing that exposure to the sentinel product is ''safe'' (lower than an appropriate reference, e.g. a DNEL) allows to conclude that exposure derived from any other product within the category is also safe. This concept is proposed by the Canadian Health Authorities in their 2005 document entitled: ''A proposed integrated framework for the health-related components of categorisation of the Domestic Substances List under CEPA 1999'' (Health Canada, 2005) . The same concept is also described and proposed by the US Soap and Detergent Association (SDA) as one useful approach for what they call ''screening-level assessments '' (SDA, 2005) . This concept can be also applied to specific types of activities within one single type of product to determine the one that is associated with the highest exposure (e.g. laundry pre-treatment of clothing could be the ''sentinel activity'' among the different potential activities associated with a laundry detergent, such as hand wash, fabric wear, and so on). A similar approach has also been described for cosmetic and personal-care products by the European Cosmetic and Toiletry Association (COLIPA), in collaboration with US Research Institute for Fragrance Materials (RIFM) and the Brussels-based International Fragrance Association (IFRA). In this case, the dermal route is identified as largely predominant and a small number of product types are shown to contribute disproportionately to the exposure. Accounting for the exposure contributed by those key products is all that is really needed for a sound risk assessment. Details of the basis for this approach can be found, for example, in Ford et al. (2000) , Cadby et al. (2002) , and Bickers et al. (2003) . Sensible use of the ''sentinel products'' concept can be very useful to help manage the great complexity associated with the description of many individual uses and products. Appropriate documentation that the ''sentinel product'' does indeed translate into the highest exposure within the category is an essential prerequisite for the use of this concept. Obviously, this concept is of limited utility when trying to aggregate exposure from all potential sources of use.
RMMs In the ES, the impact of RMMs on consumer exposure must be quantified. For controllable RMMs (i.e., those RMMs that are introduced as an inherent part of the product's design, such as, for example, maximum weight fraction of a substance, particle size, physical form, and so on), quantification of their impact on exposure can be done by modification of the values of appropriate parameters and, if needed, consideration of additional ones in the algorithms and models used to predict exposure quantitatively.
For non-controllable RMMs, quantification of their impact on exposure is more difficult. It has to be taken into account that consumers do not always read and follow the instructions given by product manufacturers (Kovacs et al., 1997) . Consumers' compliance with the directions for use of products varies among the population. The type of product seems to have a substantial influence on the degree of compliance. For example, Heinemeyer et al. (2006) found different compliance among the same individuals when using either floor cleaners or impregnation sprays. The first analysis of the study revealed that 10 and 70% of users followed the instructions for floor cleaners and impregnation sprays, respectively. It seems likely that consumers tend to pay more attention to use directions when the product is perceived as potentially dangerous, or when the product is of a new type with which consumers are not familiar. Appropriate approaches will have to be considered to take into account the behaviour of the population.
Assessment of Exposure and Risks
Quite a large number of tools and modelling approaches are available for consumer exposure assessment. Table 1 presents the approaches and tools were evaluated in the RIP 3.2 (European Chemicals Bureau, 2005a, b) .
For more information on the approaches and the respective references, see the RIP 3.2 scoping study (European Chemicals Bureau, 2005a, b) .
In the EU, a small number of computer tools for estimating consumer exposure exists, which are also mentioned in the annex VI of the RIP 3.2 scoping study (European Chemicals Bureau, 2005a, b) . Besides the use of general spreadsheet programs for calculation of very simple models, the EUSES tool, ECETOC TRA and the ConsExpo tool are mentioned, together with an assessment of their potentials and limitations.
However, this does not imply that other tools and models not taken up in the scoping study should or should not be used; e.g. Sanderson et al. (2006) described recently an approach sharing similar principles as those described in a number of approaches listed above . Especially for higher tier assessments, a number of specific models and approaches will be available that, if fit for purpose, can be used.
A number of models that has been validated and assessed by the US-EPA Science Advisory Panel may be applicable all or in part to REACH risk assessments. High-production volume models and strategies, such as cluster analysis and READ ACROSS Methodology, may also be applicable to REACH.
Other Issues
Aggregation of Consumer Exposure Under REACH, consumer exposure to a chemical must be considered from all identified consumer uses of the chemical. In traditional terminology, this means that REACH requires aggregation of exposure from all different relevant sources. There are two types of challenges associated with this. First, there needs to be an identification of all consumer uses pertaining to the substance and an appropriate quantification of exposure derived from each use. The wider the usage of the chemical, the higher the potential difficulty of capturing all uses that can span very different type of products and industry sectors. The second type of challenge is, however, the most difficult and refers to the procedure by which aggregation of the different individual exposures is to be conducted. Obviously, the most conservative option would be to just add up the exposure from all different identified uses and activities within each use. This may be a first tier screening approach that will allow showing lack of concern if the resulting aggregate exposure is below the DNEL. However, the simple addition of the different individual exposures will almost always result in artificial and very unrealistic estimations of total exposure. This is because such a simple approach assumes that the same individuals use simultaneously all of the products where the chemical is present and each product is used at the highest end of the exposure scale (i.e. highest duration, frequency of use, amount of product, and so on). To avoid such overestimation and oversimplification, the usage of the different types of products would need to be weighed, and it is hard to think how this could be done without resorting to probabilistic approaches. Probabilistic approaches require adequate, strong, and information-intensive databases on the circumstances and patterns of use of the different products. Development of and access to such databases in a large, general scale will be a challenge.
Integration of Exposure from all ''Life Stages'' The REACH legislation postulates a holistic consideration of exposure to chemicals. It aims at controlling the usage of chemicals so that exposure to every chemical can be demonstrated to be safe for consumers, workers, and the environment, not only when considered separately, but also when considered in an integrated way. Hence, the principle stated in REACH that adoption of an occupational RMM that may result in a safe usage of the chemical for the workers' community must not do so at the expense of creating an environmental hazard, for example. In other words, under the most ambitious interpretation of REACH, an ES needs to address the use of a substance as whole, including environmental, occupational, and consumer exposure as integrated subjects. Most of the tools and approaches available at this moment have been developed for evaluating emission, exposure or risk assessment of chemicals for workers, consumers, or the environment, separately. Adapting these tools and developing ways to make them mutually compatible, so that qualitative, and eventually quantitative, integration of consumers, workers, and environmental ES can be done in a relatively simple way, will be no small challenge.
Some Features of a Consumer ES In an effort to provide some quick, simple, and practical guidance on developing a consumer ES for REACH, a number of basic elements can be identified that are summarised below in bullet points, as a sort of recipe. A consumer ES should:
consider all different products where the substance is present describe in sufficient detail specific exposure conditions associated with each product usage consider all potential routes of exposure relevant to each product usage quantify exposure using simple, transparent algorithms if possible add up aggregate exposure from all potential hypothetical uses use data based on:
habits and practices information compiled and published by relevant industry trade associations, if available exposure factors from conservative or other recognised defaults (e.g., from EU Technical Guidance Document (TGD) on Risk Assessment for new notified substances and biocidal products and for existing substances) substance-specific data (e.g., permeation coefficient, % oral absorption, and so on), if available describe and take into account RMMs apply a tiered and targeted approach.
